Temporal lobe epilepsy (TLE) is the most common type of epilepsy in adulthood. It is characterized by seizures originating from the limbic system, particularly the hippocampus, parahippocampal regions, and amygdala. TLE is frequently associated with an initial precipitating injury such as perinatal hypoxia, febrile seizure, infection, or head trauma. Occasionally the precipitating injury includes status epilepticus (SE), an acute, prolonged seizure typically involving convulsions and loss of consciousness. The precipitating injury is usually followed by a seizure-free latent period, and eventually the appearance of recurrent seizures (French et al., 1993) .
Animal models of TLE have been instrumental in clarifying the pathophysiology of epilepsy and in the development of antiepileptic drugs and other treatments. The pilocarpine model of TLE belongs to a group of animal models that replicate the general progression of events as observed in humans, and it has been used frequently since its introduction 30 years ago (Turski et al., 1983) . In this model, systemic injection of the convulsant pilocarpine induces SE, likely through activation of M1 muscarinic receptors, followed by a seizure-free latent period, and eventually the appearance of recurrent seizures that continue for the rest of the animal's life.
Seizure initiation and propagation in human TLE has been examined extensively, because this information is crucial for resective surgeries aimed at treating uncontrolled seizures. In contrast and somewhat surprisingly, until recently relatively little was known about seizure initiation and propagation in the pilocarpine rat model of TLE. Toyoda at al. (2013) aimed to address this knowledge gap using simultaneous electrophysiological recordings from several brain regions. These experiments revealed important and interesting aspects of seizure spread in one of the most widely used animal models of epilepsy. Toyoda et al. (2013) examined spontaneous seizures in 10 pilocarpine-treated rats, using local-field-potential recordings and video monitoring. Bipolar recording electrodes were implanted bilaterally in eight brain regions. Target regions were selected in part based on previously reported neuropathological changes in humans and/or rats. Using video monitoring, behavioral severity of each seizure was ranked on a standard 0 -5 Racine scale. Seizure onset in each recording site was identified using four measures: one subjective "by eye" evaluation, blinded to brain regions; and three measures based on objective computerized algorithms. For each seizure and each electrode, the earliest of the four onset measures was used as the final estimate of seizure onset.
Toyoda et al.'s (2013) effort of simultaneous recordings from a large number of brain regions is notable. What are the advances gained by this improved spatial coverage? Most critically, the recordings provide accurate maps of seizure onset times among the recorded brain regions. This is important because some of the controversies regarding the validity of the pilocarpine model and its relevance to human TLE revolved around seizure onset regions. Toyoda et al. (2013) identify limbic structures, primarily the hippocampus, amygdala, subiculum, and entorhinal cortex, as the sites of seizure initiation (Toyoda et al., 2013, their Fig. 4 ), strengthening the validity of the model in this respect. The authors also introduce an elegant technique for visualization and analysis of seizure spread (Toyoda et al., 2013, their Figs. 5, 6 ). This analysis suggests that seizure initiation varies considerably within and between rats, in terms of both brain region and laterality. Similarly, sites of earliest recorded seizure activity vary between TLE patients, although interestingly, compared with rats, each patient's seizures seem to have a much more uniform onset location. Spencer et al. (1999) , for instance, found that 86% of each patient's seizures had a uniform location and spatial extent of initial EEG change at seizure onset.
The overall picture emerging from Toyoda et al. (2013) and previous studies is that seizure spread across brain regions in the pilocarpine model is faster than in human patients (Table 1) . These differences between rats and humans may relate to differences in brain anatomy and connectivity, such as hemispheric lateralization, brain size, and more, as discussed by Toyoda et al. (2013) in the concluding section of their article.
Does the faster seizure spread in pilocarpine-treated rats compared with humans compromise the validity of the pilocarpine model? One may argue that the crucial point is not to generate an animal model completely homologous to the human disease, which in fact is next to impossible given TLE's extremely diverse etiology and pathophysiology. More important is being able to correctly and reliably interpret findings from animal experiments, to provide a sound link between the pathophysiology of the disease and its syndromes, and to facilitate effective identification and development of treatments. In this respect, the work by Toyoda et al. (2013) represents a valuable step forward, as it significantly narrows the knowledge gap regarding seizure initiation and propagation in the pilocarpine model.
A limitation of the study by Toyoda et al. (2013) , inherent to existing electrophysiological recording techniques, is the limited spatial coverage of the recordings. This has several important implications. First, the possibility remains that some seizures in the pilocarpine model are initiated in brain regions other than those tested by Toyoda et al. (2013) , for example, different parts of the neocortex, as occurs in some patients. Second, it is possible that focusing on a specific sample of brain regions, mostly subcortical, resulted in overestimating the number of generalized seizures. In other words, partial temporal lobe seizures, which are quite common in patients, could be classified as generalized when focusing on brain regions more prone to seizure propagation. In a previous study, Englot et al. (2008) classified seizures into partial versus generalized using recordings from the orbitofrontal cortex. They found that 76% of the seizures were generalized, compared with 95% in Toyoda et al. (2013) . The spatial coverage of brain regions was more limited in Englot et al. (2008) (2013), respectively. Although electrographically generalized seizures do not always cause generalized convulsions, the behavioral data does argue for an actual difference in the fraction of generalized seizures between the two studies, and not only a methodological difference resulting from sampling different brain regions. It is likely, therefore, that other methodological details further contributed to these differences. In fact, seizure properties in the pilocarpine model have been shown to vary to some extent depending on details such as pretreatment procedures [atropine vs scopolamine in Toyoda et al. (2013) and Englot et al. (2008) , respectively], animal age, and more (Curia et al., 2008) .
One way to address the limited spatial coverage of traditional electrophysiological recordings is to use functional imaging. Advances in high-field functional magnetic resonance imaging (fMRI) techniques in rodents allow brain-wide imaging at a high spatial resolution, which can complement direct recordings from targeted brain regions. For instance, using fMRI, electrophysiological recordings, and cerebral blood flow measurements, Englot et al. (2009) found reduced cortical metabolism during partial hippocampal seizures, concurrent with large-amplitude slow-wave (1-2 Hz) activity in the frontal cortex, as previously observed in patients during complex partial seizures. This cortical slow-wave activity may be caused by inhibition of subcortical arousal circuits, and is likely mechanistically linked to impaired consciousness during seizures (Blumenfeld, 2012) .
Whereas using fMRI to complement direct electrophysiological recordings is valuable, a number of caveats of fMRI are particularly important in the context of seizure measurement: (1) it reflects neural activity indirectly; (2) it has low temporal resolution; and (3) the need to immobilize the animal prevents behavioral analysis of seizure severity during brain scans, and also limits the duration of experiments compared with freely behaving animals. Thus, the challenges in monitoring seizure initiation and spread faced by both clinicians and researchers underscore the need for new, minimally invasive techniques to record widespread neural activity across the brain (Alivisatos et al., 2013) . In the mean time, putting existing techniques to the best of their use, as exemplified by the valuable study of Toyoda et al. (2013) , supports the continuous advancement toward better understanding of seizure propagation and new treatments of epilepsy. 
